School-age children are often a neglected group in terms of micronutrient interventions because they are not reached by the intervention strategies aimed at preschool children or pregnant women. School feeding, however, offers an excellent opportunity for targeted intervention in this age group, especially with regard to fortification. This paper first gives a brief overview of the school-feeding program in South Africa, and second reports on a number of trials conducted in South African schools by the South Africa Medical Research Council that examined the feasibility of using school feeding as a vehicle for micronutrient fortification. Various food items, such as biscuits, bread spread, and soup, are evaluated as potential carriers for micronutrients with positive effects on outcomes such as micronutrient status, growth, morbidity and cognitive function. For schoolchildren to realize their full mental and physical potential and to perform optimally at school, both short-term hunger and hidden hunger (micronutrient deficiencies) need to be addressed. School feeding has the potential to contribute toward alleviating both of these conditions and should therefore be fully utilized.
Introduction
School-age children are a neglected group in terms of micronutrient interventions, because they are not reached by the intervention strategies aimed at pre-school children or pregnant women. School-feeding programs often focus on relieving short-term hunger, and do not always concentrate on alleviating or preventing micronutrient deficiencies. School feeding, however, offers an excellent opportunity for targeted fortification in this age group. The aim of this paper is to (1) give a brief overview of the school-feeding program in South Africa and (2) report on a number of trials conducted in South African schools by the South Africa Medical Research Council (MRC) that examined the feasibility of using school feeding as a vehicle for micronutrient fortification, and which showed positive effects on outcomes such as micronutrient status, growth, morbidity, and cognitive function.
South Africa's primary school nutrition program
School feeding was introduced on a national scale in South Africa in 1994, following President Nelson Mandela's "State of the Nation Address" in which he declared that a nutrition feeding scheme would be implemented in every primary school where such a need existed.
This plan formed part of the Integrated Nutrition Programme of South Africa. It was implemented by National Department of Health, and managed at the provincial level by the nine provincial Departments of Health. Approximately 5 million children in 15,000 primary schools are annually fed by this program. Geographic areas where poverty levels are highest are targeted, and priority is given to rural and farm schools and schools serving informal settlements [1] .
The main purpose of the Primary School Nutrition Programme is to contribute to the improvement of education quality and general health by enhancing active learning capacity, alleviating short-term hunger, improving school attendance and punctuality, and addressing micronutrient deficiencies [1] .
The program is being evaluated and monitored on an ongoing basis [2, 3] .
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The evaluation conducted in 2000 identified various areas where school feeding could be implemented in a more effective and efficient manner [3] . As a result of this evaluation, the South African government approved various steps that are to be employed to improve the functioning of the school feeding system (Cabinet resolution: 23 January 2002).
At the time, all provinces had the prerogative to decide on the types of menus that they would like to serve as long as they were within the framework of national nutrition, logistical, social, and cost criteria, and they provided 25% of the recommended dietary allowance (RDA) for energy for the 7-to 10-year-old age group per day, and 20% of the RDA for the 11-to 14-year-old age group. Findings of the 2000 evaluation, however, revealed that menu options were not adhered to, neither at the provincial level nor at school level. Energy provided by menus ranged between 12% and 22% of the RDA, with the menus from eight of the nine provinces providing less than 20% of the RDA.
Although addressing micronutrient deficiencies was included in the aims of the Primary School Nutrition Programme, there were no national guidelines with regard to the amount of micronutrients to be provided by school feeding. The evaluation also showed that in only 9% of schools were children fed before 10:00 in the morning, and that in 48% of schools, feeding was provided only after 11:00. This defeats the main purpose of the school-feeding program, which is to alleviate short-term hunger and thereby enhance active learning capacity. There was also inconsistency in the number of feeding days, and a low coverage in terms of the number of days children were fed compared with the number of school days (52%-92%) and the planned number of feeding days (64%-97%) [3] .
Steps approved by the government to improve the situation with regard to menu options and feeding times include the standardization of menu options. It was decided that menus should comprise five basic options and include both cooked and uncooked food choices. Provision should also be made for local food choices. It was further decided that menus should provide at least 20% of the RDA for energy, protein, calcium, iron, zinc, and vitamin A, and that the use of food vehicles that are subject to mandatory fortification (e.g., bread and maize meal) is encouraged. In order to optimize the benefits of school feeding, feeding should take place before 10:00 a.m. every day. The number of feeding days was also standardized at 156 school days per year so that children receive school feeding on at least 80% of annual school days. A monitoring system to ensure regular school feeding is to be put in place [1] .
The 2000 evaluation also pointed out that recommended targeting directives were not adhered to, neither at provincial level nor at school level, and that targeting was often driven from a political and financial perspective, rather than from a needs perspective, (e.g., compromising the number of feeding days, quantity, and quality of food, and menu options in an effort to feed more children) [3] . It was decided that existing targeting guidelines are to be refined in conjunction with the Department of Education. It was also decided that Grade R learners (preschool class) in targeted primary schools are to be included in the school-feeding system so as to enable children in their most vulnerable years to realize their full mental and physical potential.
Other limitations that were highlighted by the 2000 evaluation were that food quality was often inferior and control of food safety poor. Storage facilities were inadequate and unhygienic, and basic hygiene was often compromised due to lack of water and inadequate infrastructure in terms of utensils and equipment. Thirty percent of schools sampled did not have water on site, despite the fact that most menus require water for preparation [3] . As a result, the government approved steps for the implementation of a standardized monitoring system to ensure food safety and quality, and for the provision of the necessary utensils and equipment for the preparation and serving of meals [1] .
The Primary School Nutrition Programme was transferred to the Department of Education in April 2004. The main reasons for the transfer were that school feeding has educational outcomes and that the Department of Education is functionally responsible for schools. This step will to a great extent enhance the effective and efficient implementation of the schoolfeeding program. The two departments are currently working together to facilitate a smooth transitional phase [1] .
Micronutrient defi ciencies despite school feeding

Micronutrient defi ciencies despite school
Despite the existence of a national school-feeding program, studies undertaken by the MRC have shown that micronutrient deficiencies still persist in some South African schools.
A survey in primary schoolchildren from a rural area in KwaZulu-Natal, e.g., where school feeding had been in operation at the school for approximately 2 years, showed micronutrient deficiencies to be present in a great number of the children attending the school [4] . The meals provided at this school mainly comprised soy beans, rice, cabbage, and potatoes, and 40% of the children had inadequate vitamin A status, 28% were anemic, 97% were iodine deficient based on low urinary iodine excretion, and 21% presented with visible or palpable goiter. Surprisingly, even though there was a high prevalence of micronutrient deficiencies, relatively few children were stunted (12%) or underweight (1.8%). This emphasises the fact that micronutrient S215 malnutrition, often referred to as the "hidden hunger," can be hidden indeed, and highlights the danger of relying on anthropometric status as the only indicator of nutrition status. An investigation of mid-year examination scores of these children showed that children with goiter scored consistently and on average 5.2% lower in their Zulu (the local language) examination papers than did those without goiter (p papers than did those without goiter (p papers than did those without goiter ( = .01). Children with goiter also scored on average 2.7% lower in their mathematics examination papers than did those with no goiter (p = .27) [5] .
Trials conducted in South Africa using the school feeding system as a vehicle for
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school feeding system as a vehicle for A micronutrient-fortifi ed biscuit
In a follow-up to the study in rural KwaZulu-Natal, showing a high prevalence of micronutrient deficiencies, the MRC conducted a randomized controlled trial with a fortified biscuit in an attempt to address the micronutrient deficiencies present in these children [4] . The biscuit was fortified with iron (ferrous fumarate), iodine, and -carotene at 50% of the RDA [6], and given together with a cold drink fortified with 100 mg ascorbic acid to enhance iron absorption. The children received the biscuit daily during the school week; no intervention took place on weekend days, public holidays, or during school holidays.
The intervention was evaluated over a period of 12 months, and resulted in a significant improvement in vitamin A, iron, and iodine status. Vitamin A deficiency (serum retinol < 20 µg/dL) dropped from 40% to 12%; anemia from 28% to 15%; and iodine deficiency from 97% to 30%. In addition, respiratory-and gastrointestinal-related morbidity also appeared to have been favorably affected: 30% fewer school days (p = .097) in the experimental group were lost during the intervention period as a result of respiratory-related illnesses, and 35% fewer school days were lost (p = .013) as a result of gastrointestinal-related illnesses. Although the effect of vitamin A supplementation on infectious morbidity and mortality in the preschool child is well documented [7] , it is less defined in the school child, in whom vitamin A deficiency is seldom life threatening, and who is to a lesser extent susceptible to infections. The ~ 30% reduction in morbidity-related absenteeism observed in this study population is, however, promising and may have significant long-term implications for learning and school performance in children that are vitamin A deficient.
The biscuit intervention also had a positive effect on the cognitive function of these children. Children were given a series of tests designed to measure a range of mental processes and fine motor skills (e.g., verbal learning, visual memory, arousal, attention, retrieval, eye-hand perception, and coordination) that are thought to be affected by nutrition deficits. For each task, either time taken to complete a task, or how much of a task was completed in a given time, was measured. Significant between-group treatment effects were found for the digit span forward task, the verbal fluency task, and the reading numbers task, especially in those children with low iron stores, and in those with goiter at baseline [4, 8] . Although no effect was seen in the study population as a whole, the biscuit intervention had a positive effect on the changes in height and height-for-age Z-scores in the children with low iron stores at baseline, which suggests that iron may have been a limiting factor in the growth of these children.
The use of a fortified biscuit in school feeding has a major advantage over conventional school feeding options in that a biscuit is regarded as a snack rather snack rather snack than a meal, and is therefore unlikely to replace meals given to the child at home. Furthermore, the biscuit is a compact source of nutrients that is easy to store, easy to distribute, and needs no preparation. It is therefore ideally suited for schools where there is no water on site, or in schools where there is a lack of adequate storage facilities or the necessary utensils and equipment for meal preparation. The biscuit has a long shelf life and therefore does not require regular delivery. The quantity of biscuits delivered and distributed can also be easily monitored, which makes the system less vulnerable to abuse or corruption. Although this particular biscuit was fortified with iron, iodine, and -carotene, it also has the potential to serve as a carrier for other micronutrients.
Long-term evaluation of the biscuit intervention
The long-term effectiveness of the biscuit program in terms of elimination of micronutrient deficiencies was evaluated over a period of 45 months (3.75 years) using both longitudinal and cross-sectional data [9] . Improved vitamin A status was not maintained during the long summer school holiday breaks when no intervention took place; after each summer break serum retinol levels were back to pre-intervention levels. The biscuit supplied 50% of the RDA per day in the form of -carotene; this was probably enough to maintain serum levels from day to day, but not sufficient to replenish stores or to maintain existing stores during periods when the biscuit was not consumed. A survey of the dietary intake of the children in this school showed that meals given to the child at home contributed only 10% of the RDA for vitamin A [10] . It was therefore not surprising that serum retinol returned to pre-intervention levels during the time that the biscuit was not supplied, and it was recommended that the biscuit program be supplemented with other long-term intervention strategies, such as School feeding and micronutrient fortifi cation in South Africa S216 nutrition education and/or home gardening projects that encourage the production and consumption of -carotene-rich foods.
Iron status also returned to pre-intervention levels after the school holiday break, but showed no recovery during subsequent intervention periods. Ferrous fumarate was used as iron fortificant during the original trial, and when given together with the vitamin C fortified cold drink it was effective in improving iron status. However, when the vitamin C fortified cold drink was provided on a less frequent basis, due to logistical problems during the longitudinal follow-up phase, iron status did not improve. To eliminate the need for ascorbic acid, a presumably more bioavailable form of iron, an amino acid chelate (ferrous bisglycinate), was then introduced. This resulted in some improvement in serum ferritin, but hemoglobin deteriorated further. It is speculated that degradation of the amino acid chelate might have taken place as a result of a too high core temperature in the biscuit during the baking process, and further investigation into optimum baking conditions for the biscuit is therefore needed.
Only iodine status did not return to pre-intervention levels after the school holiday break. This was probably due to the iodization of salt which became mandatory in South Africa in December 1995, 6 months after the start of the biscuit intervention. There is therefore no further need to add iodine to a fortified biscuit distributed in South African schools. The effectiveness of the mandatory salt iodization program is currently being monitored. Jooste et al. [11] reported significantly improved urinary iodine levels in a group of schoolchildren from a previously endemically goitrous area in the Eastern Cape, but no reduction in the prevalence of goiter after one year of mandatory salt iodization. The situation continues to be monitored, and a follow-up 9 years after the introduction of mandatory salt iodization is planned in the school where the original biscuit intervention took place.
Red palm oil as an alternative vitamin A fortifi cant in the biscuit
A hydrogenated oil, widely used in the baking industry, was used as baking fat in the original biscuit. Hydrogenated oils contain trans fatty acids, and because of the negative effects of the latter on plasma lipids and lipoproteins [12, 13] , its use in school feeding in the long term may not be desirable.
Red palm oil has a moderate level of saturation and therefore does not require hydrogenation for use as a fat component in foods [14] ; as such it is free of trans fatty acids. It is also a rich natural source of carotenoids (500-700 ppm), of which approximately 50% comprises -carotene. In addition, red palm oil contains large amounts of tocopherols and tocotrienols (~ 1000 ppm), which have powerful antioxidant properties [15] . By substituting the hydrogenated shortening in the biscuit with a baking fat derived from red palm oil, the biscuit would not only be free of trans fatty acids, but, because of its natural carotenoid and antioxidant content, there would also be no need to add synthetic -carotene and a synthetic antioxidant to the biscuit; concomitantly, quality control with regard to the fortification process would be simplified.
During a subsequent trial, red palm oil in the form of a baking fat was evaluated as an alternative vitamin A fortificant in the biscuit [16] . The trial was conducted in a primary school where there was a ~ 60% prevalence of vitamin A deficiency (serum retinol < 20 µg/ dL). The results showed that red palm oil was as effective as -carotene from a synthetic source in improving the vitamin A status of these children. This, together with the various additional qualities of red palm oil, makes it an attractive alternative for use as a vitamin A fortificant, not only in the biscuit, but also in other food products that require fat as an ingredient.
A micronutrient-fortifi ed bread spread
Bread and peanut butter are common food items on school feeding menus in South Africa. Peanut butter, although a good source of energy and protein, is not a good source of micronutrients, and therefore does not contribute toward fighting micronutrient malnutrition in primary schoolchildren. In addition, it carries the risk of being contaminated with aflatoxin. During 2001 there were several reports in the South African press regarding the high levels of aflatoxin (30 times higher than the legal limits) found in the peanut butter given to children in certain areas of the country as part of the Primary School Nutrition Programme [17] . It emerged that limited budgets and personnel did not allow for sufficient screening to control the level of aflatoxin contamination in the peanut butter used for school feeding. Long-term exposure to low levels of this toxin may cause liver cancer, especially in those with chronic hepatitis B infection [18] , and giving contaminated peanut butter to schoolchildren on a regular basis may have serious long-term implications for their health [17] .
An urgent need therefore arose to find a bread spread that can be used as an alternative for peanut butter in school feeding, and a micronutrient-fortified spread was thus developed by the MRC. Red palm oil fat, a rich natural source of -carotene, was used as a base, and iron, vitamin C, and zinc included as fortificants. This spread was evaluated against peanut butter in a randomized controlled trial, and the results showed the spread to be effective in improving vitamin A status in children with inadequate vitamin A status, and hemoglobin status in children who were anemic (unpublished data). The spread can also be used as a carrier for other micronutrients.
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Ferrous bisglycinate vs electrolytic iron as fortifi cant in bread
A national food fortification program, requiring the mandatory fortification of wheat flour and maize meal with iron, vitamin A, zinc and B-complex vitamins, was launched in South Africa in April 2003. Because bread is widely used in school feeding, this will also contribute towards the micronutrient intake of the schoolchild. Four slices of bread will provide 25% of the iron requirement of the schoolchild per day. There is, however, controversy regarding the form of iron (electrolytic iron) that was selected as fortificant. The MRC conducted a randomized controlled trial in iron deficient primary schoolchildren, comparing electrolytic iron with ferrous bisglycinate as fortificant in bread over a period of 7.5 months [19] . While no significant intervention effect was observed for electrolytic iron, the treatment effect in the ferrous bisglycinate group in terms of hemoglobin, serum iron, and transferrin saturation was significant (p < .05), and approximately three times the effect observed in the electrolytic iron group. Ferrous bisglycinate as iron fortificant in bread thus performed better than electrolytic iron in this group of iron-deficient schoolchildren. Whether electrolytic iron will show a significant treatment effect over a longer intervention period and in children who are both iron deficient and anemic is not known. This should be investigated, because the bioavailability of the iron compound used in the national food fortification program will impact on the iron status of the schoolchild as well.
Soup as a vehicle for iron fortifi cation
A soup powder, fortified with 20 mg elemental iron in the form of ferrous fumarate and 100 mg ascorbic acid per serving, was evaluated in 6-to 8-year-old primary schoolchildren over a period of 6 months. The iron intervention was associated with positive changes in hemoglobin, mean corpuscular volume, and serum ferritin, and the effects were greater in the children with low iron status at baseline. The effects were also greater when the iron fortification was combined with anthelmintic therapy. In addition, an improvement in growth was observed in those children with low iron status at baseline when the iron and anthelmintic treatments were combined [20] . This study demonstrated soup to be a feasible vehicle for iron fortification, especially during the cold winter months.
Response to iron fortifi cation in relation to vitamin A status
The response to the above iron intervention was also measured in relation to the vitamin A status of the study population [21] . In the children with inadequate vitamin A status (serum retinol < 20 µg/dL) there was no improvement in terms of serum iron, transferrin saturation, and hemoglobin, while the greatest response was observed in the children with serum retinol > 40 µg/dL. On the contrary, serum ferritin, an indicator of iron stores, improved most in the vitamin A deficient children, suggesting that the absorption of iron was not impaired by the inadequate vitamin A status, but that it was rather the mobilization of the iron from body stores that was affected. Supplementation with vitamin A has been shown to increase serum iron and hemoglobin concentrations, with no or little effect on serum ferritin [22] [23] [24] . Although vitamin A status may thus not directly affect the mental ability of the child, it may do so indirectly via its effect on iron metabolism. The presence of even marginal vitamin A deficiency in schoolchildren may therefore limit the effectiveness of an iron intervention and should also be addressed when treatment with iron is considered.
Improved vitamin A status with orange-fl eshed sweet potato
The efficacy of the orange-fleshed sweet potato (OFSP) in improving vitamin A status was evaluated in a randomized controlled trial in 5-to 10-year-old primary schoolchildren [25] . Seventy percent of these children were vitamin A deficient at baseline, based on serum retinol concentrations. Consumption of the OFSP, which supplied ~ 150% of the RDA [6], for 53 days resulted in a significant improvement in vitamin A status as measured by the modified relative dose response test. In addition, significantly fewer children, compared with the control group, were absent from school as a result of upper respiratory tract (p = .006) and skin infections (p = .049). Similar morbidity trends were observed in the schoolchildren participating in the fortified biscuit trial, which supplied 50% of the RDA for vitamin A and stretched over a period of 12 months [4] .
Inclusion of omega-3 fatty acids in the diets of schoolchildren
Omega-3 fatty acids play an important role in the development of the brain during pregnancy and early infancy [26, 27] . Evidence from experiments in rats suggests that supplementation with omega-3 fatty acids selectively affects learning [28] . Although learning problems have been found in 6-12-year-old children with low omega-3 plasma phospholipid fatty acid status [29] , the effect of supplementation in this age group is not known.
The MRC conducted a randomized placebo-controlled trial with an omega 3-fatty acid oil supplement in 6-to 11-year-old primary schoolchildren over a period of 9 months [30] . The intervention resulted School feeding and micronutrient fortifi cation in South Africa S218 in a significant improvement in omega-3 fatty acid status. In addition, there was a significant improvement (p = .023), compared with the control group, in the total recall score of the Hopkins Verbal Learning Test, which suggests that omega-3 fatty acid supplementation may improve verbal learning and memory in schoolchildren.
In a subsequent study a bread spread was developed from fish waste products (fish heads), a rich source of long chain omega-3 polyunsaturated fatty acids (CM Smuts, personal communication). The idea was to give fatty acids to the schoolchildren in a form that would be more acceptable. The effect of this spread is currently being evaluated in a randomized controlled trial in primary schoolchildren, and cognitive function, which includes verbal learning and memory, is also being measured. This bread spread has the potential to be included as an option on school feeding menus and can significantly contribute towards a more balanced fatty acid intake in schoolchildren, with possible positive effects on learning.
Discussion and conclusions
There are indications from several studies that micronutrient deficiencies are present in South African schools despite the existence of a national school-feeding program. The feasibility of using school feeding as a vehicle for micronutrient fortification was examined in various trials, and the feasibility of various food items as potential carriers for micronutrients evaluated. While results from these studies confirm school feeding to be a suitable vehicle for targeted fortification in this age group, finding the ideal iron fortification compound remains a challenge.
Iron is the micronutrient that is most often linked to cognition and performance [31] , but due to the low bioavailability and high reactivity of iron fortification compounds [32] this is also the most difficult deficiency to address. From our studies it appears that when ferrous fumarate was used as fortificant, and given together with a vitamin C fortified cold drink, it was effective in improving iron status. However, when given without regular intake of vitamin C it appears to be less effective. The addition of ascorbic acid as fortificant to a food is, however, not always feasible.
Not only is vitamin C destroyed during cooking, it is also easily oxidized during storage and a special air-tight packaging material is required to prevent it from degrading. This has both logistical and cost implications. To eliminate the need for vitamin C, the feasibility of a more bioavailable form of iron such as ferrous bisglycinate was examined. Although effective as fortificant in bread, ferrous bisglycinate appears to be destroyed in the biscuit by the higher core temperatures reached during the baking process. It is also a more expensive option.
Another way to improve iron bioavailability would be to include a natural source of vitamin C that would not require special packaging in school feeding menus.
A study on Egyptian schoolchildren demonstrated that addition of an orange per day to the school meal resulted in a significant improvement in iron status [33] . This approach may not only enhance iron status, but will also contribute to establishing more healthy eating habits among schoolchildren.
From our studies it is clear that vitamin A deficiency can also be a problem among school-age children, and that the prevalence can be as high as 70% in some areas [25] . Although vitamin A deficiency does not directly affect school performance, it may do so indirectly via its effect on infectious related morbidity, which in turn will affect school attendance [4, 25] . Vitamin A deficiency also affects iron metabolism and suboptimal vitamin A status may therefore limit the effectiveness of iron interventions [21] .
Due to the mandatory iodization of table salt there is no further need to include iodine as fortificant in school feeding in South Africa. The iodine status of South African schoolchildren, however, continues to be monitored [11] .
Whether supplementation with omega-3 fatty acids holds benefits for cognition in school-age children is still uncertain, although there are indications that this may be so [29, 30] . The role of omega-3 fatty acid supplementation in school-age children is, however, a relatively novel field and merits further investigation.
In conclusion, for schoolchildren to realize their full mental and physical potential and to perform optimally at school, both short-term and hidden hunger need to be addressed. School feeding offers the opportunity to alleviate both these hungers, and should therefore be fully utilized.
